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Lifestyle change can reduce the risk of developing type 2 diabetes among women with prior
gestational diabetes mellitus (GDM). While understanding women’s lived experiences and
views around GDM is critical to the development of behaviour change interventions to
reduce this risk, few studies have addressed this issue in low- and middle- income countries.
The aim of the study was to explore women’s lived experiences of GDM and the feasibility of
sustained lifestyle modification after GDM in a low-income setting.
Methods
This was a descriptive qualitative study on the lived experiences of women with prior GDM,
who received antenatal care at a public sector tertiary hospital in Cape Town, South Africa.
Nine focus groups and five in-depth interviews were conducted with a total of thirty-five
women. Data were analysed using content analysis and the COM-B (Capabilities, Opportu-
nities, Motivations and Behaviour) model to identify factors influencing lifestyle change dur-
ing and beyond the GDM pregnancy.
Results
The results suggest that the COM-B model’s concepts of capability (knowledge and skills
for behaviour change), opportunity (resources for dietary change and physical activity) and
motivation (perception of future diabetes risk) are relevant to lifestyle change among GDM
women in South Africa. The results will contribute to the design of a postpartum health sys-
tem intervention for women with recent GDM.
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Conclusion
Our findings highlight the need for health services to improve counselling and education for
women with GDM in South Africa. Support from family and health professionals is essential
for women to achieve lifestyle change. The experience of GDM imposed a significant psy-
chological burden on women, which affected motivation for lifestyle change. To achieve
long-term lifestyle change, behaviour interventions for women with prior GDM need to
address their capability, opportunity and motivation for lifestyle change during and beyond
pregnancy.
Background
Low- and middle-income countries (LMICs) have the highest mortality due to non-communi-
cable diseases [1]. In 2016, diabetes was the second leading cause of mortality in South Africa,
accounting for 5.5% deaths [2]. In addition, the country is among the top five in the African
region with the highest prevalence of diabetes (9.3%) [3]. The prevalence of gestational diabe-
tes mellitus (GDM) in South Africa, currently estimated to be 9.1% [4] is increasing along with
the rise in obesity among women of reproductive age [4–6]. For the majority of women, GDM
resolves after the affected pregnancy [7] but there is a 7-fold increased risk of developing type
2 diabetes in the 10 years thereafter [8]. According to a recent systematic review, the risk for
progression to type 2 diabetes is highest within 3 to 6 years of the GDM pregnancy [9]. There
is consistent evidence demonstrating that in at-risk populations lifestyle change mainly diet
and physical activity, can reduce the risk of developing type 2 diabetes [10–13] and among
GDM women, continuation of lifestyle changes after a GDM pregnancy can prevent progres-
sion to type 2 diabetes [7, 14]. In addition, studies have shown that postpartum follow-up, con-
tinued monitoring and ongoing support for lifestyle change are critical in motivating women
to sustain efforts to change their behaviour. GDM therefore provides a unique window of
opportunity to educate women on their future risk of type 2 diabetes and to engage them on
lifestyle change to prevent or delay progression to type 2 diabetes [15].
Several qualitative studies have explored women’s perspectives on GDM and lifestyle
related behaviour change in North America and Europe [16–21]. However, studies on wom-
en’s lived experiences of GDM in LMICs are still lacking [22, 23]. Lifestyle change among low-
income populations should be viewed in the broader socioeconomic context of high rates of
poverty and unemployment, where food choices are limited by affordability [24] and physical
inactivity is increasingly prevalent [3]. Although women with GDM achieve lifestyle change
during pregnancy, sustaining these lifestyle changes is particularly challenging in the postpar-
tum period [7, 25]. Common barriers to continued lifestyle change postpartum include poor
understanding of health information, financial constraints, low perception of risk of develop-
ing type 2 diabetes, lack of motivation, emotional stress, personal and family adjustment to the
baby [25–28]. Such primary research is recommended by the Medical Research Council frame-
work as an important first step in the development of evidence-based interventions [29]. An
in-depth understanding of contextual factors is also critical if such interventions are to be not
only well informed, but realistic and feasible [29, 30].
The present study is a component of the formative research phase for the development and
evaluation of an integrated health system intervention for women with GDM in the South
African public health system. The main study, (IINDIAGO) [31] is a complex intervention
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trial aimed at reducing the subsequent risk of progression to type 2 diabetes among women
with GDM. The planned intervention starts in pregnancy and continues post-partum. It lever-
ages the scheduled 6-week immunisation visit for the baby to conduct an Oral Glucose Toler-
ance Test (OGTT) for the post-GDM mother and to provide ongoing social and professional
support to facilitate long-term lifestyle changes. The aim of this study was to explore women’s
lived experiences of GDM and their views around the feasibility of sustained lifestyle modifica-
tion after GDM, with a view to inform the development of a tailored behaviour change inter-
vention. The specific objectives were to gain insight into women’s knowledge, understanding
and interpretation of GDM, as well as their perceptions and lived experiences regarding life-
style modification and health behaviour change (past achievements and difficulties; perceived




The study was a descriptive qualitative study to understand the lived experiences of women
who had GDM, how they interpreted or made meaning of the experience and their perspec-
tives on the potential for lifestyle change in their context. Focus group discussions were used
to explore women’s knowledge and experiences of GDM and reveal their understanding
and evaluation of their capacity for behaviour change. The group setting encouraged conversa-
tion among participants revealing different views whilst also enabling collection of data on
shared perspectives. Challenges with recruitment necessitated in-depth interviews instead
of focus groups with five participants, which therefore still allowed us to explore their lived
experiences.
Theoretical framework
The chosen theoretical framework for the development of the IINDIAGO intervention was
the COM-B model of behaviour change outlined in the Behaviour Change Wheel [32]. The
COM-B (Capabilities, Opportunities, Motivations and Behaviour) model incorporates context
in understanding behaviour and developing behaviour change interventions, while providing
a systematic method for analysing the target behaviour and then characterizing interventions
based on the behavioural diagnosis [32]. Behaviour is a result of the reciprocal interaction
between the three fundamental components; Capability, Opportunity and Motivation [32].
The COM-B model can be used to structure an analysis into the barriers to and enablers for
behaviour change in a given context, thereby ensuring that intervention developers set realistic
behaviour change targets [33, 34]. This model has been used in the context of GDM to develop
effective health communication content for the STAR MAMA program for low-income post-
GDM Latina women in the US [35]. In the present study, the COM-B model was used to guide
the analysis of the focus group data and provide a theoretical framework for understanding
GDM women’s’ capacity for lifestyle change and the available opportunities and barriers in
their environments.
Setting
In South Africa, government funded public sector health services cater to more than 80% of
the population, who cannot afford the high costs of medical insurance and private health ser-
vices [31]. The study was conducted at a public sector, tertiary referral hospital, which provides
health services to patients residing in Cape Town and other surrounding areas of the Western
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Cape province. Once diagnosed with GDM, women are referred from their primary health
care facility or a district hospital to the tertiary hospital, where they attend a dedicated antena-
tal diabetes clinic until delivery. The majority of women are referred from Midwife Obstetric
Units in Cape Town’s low-income, peri-urban townships. The women seen at this hospital are
predominantly coloured (mixed ancestry) and black African who speak mainly Afrikaans and
isiXhosa, as well as English. Antenatal care for women with GDM is provided by a team of
health care providers including obstetricians, endocrinologists and nurses.
Participant selection
A folder audit was conducted to identify women with GDM who had delivered at the tertiary
hospital in Cape Town between 2014 and 2015. Information regarding the GDM diagnosis
and general medical history was used to purposively select potential participants that met the
inclusion criteria. The following were eligible: women who had been diagnosed with GDM
between 2014 and 2015; had received antenatal care at the tertiary hospital; delivered a live
baby and who did not need treatment for diabetes at discharge. Eligible participants were con-
tacted telephonically and invited to participate in focus group discussions at a private seminar
room on the hospital premises. Reasons for refusal were recorded in a communication log.
Depending on their preference, women could select a suitable day to attend a focus group dis-
cussion from provided options. Focus groups were scheduled with between five to ten women
per focus group. Reminders were sent by telephone and text message a day before and on the
morning of the scheduled focus group to confirm attendance. To improve recruitment, we
scheduled focus groups on weekends to accommodate women who were working during the
week, organised focused groups at local community venues for those women who could not
travel to the hospital and allowed women to bring their infant along to the focus group. When
fewer than three women turned up for a scheduled focus group, the researchers took the
opportunity to conduct individual in-depth interviews.
Data collection
A focus group guide was used in the discussions and consisted of open-ended questions and
probes. The main topics for discussion were knowledge and attitudes regarding GDM, experi-
ence of health care during GDM pregnancy, experience of health care in post-partum period,
lifestyle modification during and after pregnancy and finally, attitudes to the proposed post-
partum intervention for GDM women. Participants were encouraged to raise other issues of
interest to them that related to the broad topic of the discussion. The focus groups and in-
depth interviews allowed for discussions with women until saturation was reached. Two
female researchers (LSM and KM) trained in qualitative research techniques conducted the
focus groups in English. A third co-facilitator (BMD); a diabetes nurse who was conversant in
the two local vernacular languages, isiXhosa and Afrikaans, was present to assist participants
who preferred to express themselves in their native language. The responses were then inter-
preted into English for the benefit of the wider group. The co-facilitator was also responsible
for taking notes, observing group dynamics and monitoring the audio recorder to increase
dependability of the data collected. Each focus group lasted between one and two hours or
until data saturation was reached. Verbal consent to participate in the focus group was
obtained telephonically. At the start of each focus group and interview, the researchers intro-
duced themselves and explained the purpose of the study. Written informed consent was then
obtained from each participant and all participants were given the opportunity to ask ques-
tions. Participants were reimbursed for their transport costs and given a supermarket grocery
voucher for their time as well as a locally-developed recipe book for preparing affordable
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PLOS ONE | https://doi.org/10.1371/journal.pone.0225431 November 25, 2019 4 / 21
healthy meals. Healthy snacks and refreshments were served during intervals to encourage
informal social interaction among participants. Focus groups and interviews were audio
recorded and transcribed verbatim. Transcripts were stored in a locked cabinet with restricted
access.
Data analysis
Data analysis followed the methods of qualitative content analysis as described by Elo & Kyn-
gäs [36]. The analysis process was both inductive in that some categories were derived from
the data to understand women’s lived experiences of GDM and how they interpreted it and
deductive in that it was driven by the broad conceptual categories theorised to be the precur-
sors of behaviour change in the COM-B model [32]. The pre-existing, conceptual categories of
the COM-B model provided a lens through which to view and interpret the data.
Using this model served to answer the key research questions of a) What was the potential
for change, given the barriers and opportunities perceived and experienced by this population
of GDM women? and b) What kind of intervention was needed to meet their needs and
enhance their potential for change?
The first author (LSM) is a public health researcher and is familiar with the SA maternal
health context. The second author (KM) is a qualitative researcher whose research work
focuses on the development and evaluation of behaviour change interventions for NCDs. The
third author (CZ) is a medical doctor and medical anthropologist, with substantial clinical and
health systems research experience in the SA setting. The last author (NL) is a clinical endocri-
nologist in the public health sector with strong interests in NCDs in the African context. All
four authors are female. For triangulation and to facilitate a robust analysis, LSM and another
researcher, worked independently in coding the transcripts. As a first step, all transcripts were
read for overall familiarization with the data. The transcripts were then re-read and annotated
to understand meaning from the participant’s perspective. The data was then systematically
organised and abstracted through a process of open coding and generating conceptual catego-
ries. LSM and the second coder met frequently to discuss and compare their analyses, resolve
discrepancies and came to an agreement on a common coding framework to apply across all
the data. KM was present in the discussions between the data coders to ensure credibility of
the findings. This coding framework was further developed and refined through continued
collaboration between the researchers as the analysis proceeded. For the purposes of this man-
uscript, the data was analysed according to the categories of the COM-B model; Capability,
Opportunity and Motivation. Other emergent themes were also identified in the data but are to
be the focus of other papers.
Ethical approval
Written informed consent was obtained from each participant in the focus groups and inter-
views. Ethics approval for the study was obtained from the University of Cape Town (HREC:
946/2014) and Université de Montréal (CR CHUM: 2018–7091, 17.128-ID). Permission to
conduct the folder audit was obtained from the relevant hospital authorities.
Results
Nine focus groups (N = 30) and five in-depth interviews were conducted between March and
June 2016. Eight focus group discussions were held at the hospital study site and one at a com-
munity venue. Twenty-three women declined participation and fourteen accepted participa-
tion in the focus groups but could not attend due challenges with transportation, time and
availability of child care. Participants’ demographic information is summarised in Table 1.
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Our sample consisted of black African and ‘coloured’ (mixed ancestry) women. The majority
of participants were married (60%) and unemployed (77%).
The results are organised according to the constructs of the COM-B model namely; Capa-
bility, Opportunity and Motivation, which are necessary pre-conditions for desired behaviour
to occur. Fig 1, adapted from Howlett et al [37], represents the focus group findings in relation
to the Theoretical Domains Framework (TDF) of the COM-B model [38].





















Fig 1. Findings from focus group discussions mapped according to the Theoretical Domains Framework (TDF) of the COM-B
model framework for understanding behaviour [38].
https://doi.org/10.1371/journal.pone.0225431.g001
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Capability
Capability can be described as the individual’s ‘physical and psychological capacity to engage
in the activity concerned’ [32]. Physical capability refers to the physical skills required to
achieve a desired behaviour whereas psychological capability is the capacity to engage in the
thought processes necessary for behaviour change [30]. Both physical and psychological capa-
bility can be improved through intervention or training [32].
Psychological capability.
(i) Limited knowledge and understanding of GDM
Generally, the women demonstrated limited knowledge and understanding of GDM. They
expressed a strong desire for the GDM clinic to provide more education and counselling as
part of their routine clinical care. They felt that this was especially important during their first
visit at the hospital following their referral, because this was a time of heightened anxiety and
confusion. There was a general sense that due to high patient numbers, health care providers
did not have the time to explain the GDM diagnosis to them. Although women spoke of the
high standard of clinical care they received, they were dissatisfied with the lack of counselling
and education and were left feeling frustrated by the lack of opportunity to ask questions to
help them clear up their confusion.
There’s no proper interaction between you and the person you’re sitting with, to tell you, ‘this
is the reason why you’ve got this.’ There’s no explanation, so you can imagine my confusion.
(Focus Group 4, Participant 14)
I didn’t understand why I can’t have normal food, because no one said to me, ‘You have
Diabetes’
(Focus Group 4, Participant 16)
One woman explained how she had to strongly assert herself in order to get the answers she
needed:
I started snooping through my file and searching the internet to understand what the terms
meant, which caused frustration and that pent-up feeling in me. You’re just left in the dark
there until you throw a tantrum. You’ve got to raise the roof in order for them to actually give
you a decent sit-down conversation.
(Focus Group 6, Participant 20)
Whilst most women relied on health care providers as a primary source of information, a cou-
ple with access to resources such as the internet and dieticians in private health services took the
initiative to seek out more information in order to gain a better understanding of their condition.
I told myself, it’s the first-time pregnancy with Gestational Diabetes, and I’m going to try to
get as much information as I can. I also did a lot of research on how it is caused and how I’m
actually going to deliver the baby
(Focus Group 9, Participant 35)
Other participants were more knowledgeable regarding GDM due to their experience of
having a family member or partner with diabetes. These women felt less anxious on receiving
the diagnosis as diabetes was familiar to them;
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I understand Diabetes because my mother has Diabetes. I understand what you have to eat
and that sometimes there are days where you don’t feel well because your sugar levels are not
okay.
(Focus Group 4, Participant15)
Women described being so emotionally overwhelmed by the GDM diagnosis that they
were unable to process and understand the limited information they did receive during the
initial consultation. They suggested that during the diagnosis consultation, providers be sensi-
tive to the emotions that women may experience and instead, leave the provision of informa-
tion and advice on how to manage GDM for a subsequent consultation. As one participant
recalled:
There wasn’t room for me to ask questions. I was shown how to prick myself [insulin injec-
tions] but I was still in so much emotion; I couldn’t even recall how often she said I had to
do it.
(Focus Group 1, Participant 4)
The education materials provided by the hospital did not help fill the gap in knowledge.
Typically, women received a one-page diet sheet. This information was limited in scope: pre-
scribing what dietary changes needed to be made but offering no detailed guidance about how
to change behaviour. When directly questioned about physical activity, the majority of women
reported that physical activity was not mentioned or emphasized by health care providers as
part of recommended lifestyle changes.
They didn’t explain that [physical activity]. They just said lifestyle change, but they didn’t
explain, like, exercises and things like that, no
(Interview 1, Participant 5)
Only a few women recalled being advised to do some light to moderate physical activity by
the dietician.
They did say something about exercise, just to take a brisk walk, maybe thirty minutes, but
not too much, but just so that you can exercise
(Focus Group 9, Participant 35)
This lack of understanding of GDM sometimes resulted in denial in accepting the GDM
diagnosis and resistance to treatment;
They said they have to put me on Insulin, and I was very upset, I was very cross. I even told
myself, I’m not going to use the Insulin.
(Focus Group 3, Participant 12)
In contrast to this respondent’s evident anger about the lack of counselling and informa-
tion, it was clear that some women made adjustments to their lifestyle (in particular by
making dietary changes) regardless of their lack of understanding of GDM and its
implications.
Gestational diabetes mellitus and lifestyle change
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My health would have been in bad condition, and it would also have affected my son, so what-
ever they used to tell me, I used to follow. If they tell me, do this at this time, you have to eat
this, I used to follow.
(Focus Group 8, Participant 32)
Physical capability.
(ii) Physical discomfort during pregnancy
A few women reported that they had engaged in some leisurely physical activity such as walk-
ing in the neighbourhood or parks, yoga and attending a private or community gym, but that
this became more difficult towards the end of the pregnancy, due to physical discomfort.
In the last trimester, I was huge, and I looked uncomfortable, because I’m short. People
thought I was carrying twins, because of my size and my belly. It was very uncomfortable
(Focus Group 1, Participant 4)
Another woman said that she felt too anxious to do her usual walking once she was full
term as she was afraid of the onset of labour:
We had a nice path, so I could just walk down there, just a bit, because I didn’t want to stretch
myself too far, and anything could happen
(Focus Group 1, Participant 4)
Opportunity
Opportunity refers to ‘all the factors that lie outside the individual that make the behaviour
possible or prompt it’ [32]. These are factors in the environment that encourage or discourage
achieving behaviour change, which can be physical (related to time, access to resources, afford-
ability of resources, actual physical environmental barriers, existence of cues) or relating to the
social context (including interpersonal influences that can cause individuals to change or not
change their beliefs, attitudes, feelings, or social norms, culture, social pressure, expectations of
others, group identity) [32].
Physical environment.
(i) Opportunities for physical activity
In general, the majority of women in this study did not engage in leisure time physical activity
outside of their daily activities such as chores and travel to work because of concern for per-
sonal safety, due to high levels of crime and violence.
I stopped going to the gym is because I had to walk alone at night when I’m finished, we’re
mostly just girls there I’m too scared to walk around there; the shooting and stuff.
(Focus Group 5, Participant 17)
Some women mentioned that there were available opportunities in their communities,
which they had utilised.
We have a community exercise programme in a local hall, so, I started exercising. It’s aerobics,
running, it’s everything. It was hardcore. I felt like I was the odd one out with all this weight,
(Focus Group 1, Participant 2)
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There’s a centre, where they give gym to the ladies that stay at home, every Thursday morning.
There is a qualified instructor who comes to Mitchells Plain, and the City Council pays her.
(Focus Group 2, Participant 6)
Post-partum, it was difficult for these women to continue with physical activity as certain
facilities did not accommodate children.
We moved houses and I had to change the gym. At that gym you can’t take your children so
that was difficult for me. My husband is at work, so where must I leave my children, and then
I just stopped.
(Focus Group 4, Participant 16)
Women also suggested that the health services could increase opportunities for physical
activity:
Activities need to be provided, like how about a walkabout in the hospital for the patients. I
mean, for the guys who have just had a Caesar, they need to get mobilised as soon as possible
(Focus Group 6, Participant 19)
(ii) Influence of prevailing food environment
Two participants who worked in catering, described how continual exposure to unhealthy
food in their work environments made sticking to the healthy eating recommendations partic-
ularly difficult:
The thing is that where I used to work, I was in charge of the kitchen. I didn’t know what to
eat. I was eating junk, any food which I see. I didn’t know how to control myself, you know
(Focus Group 8, Participant 32)
The one participant described how support from the head chef helped her to overcome this
barrier:
It was stressful because I had cravings and I was hungry all the time. My head chef said ‘No, I’m
going to set up a diet for you. You’re not going to eat that food; you must think of your baby.’
(Focus Group 8, Participant 27)
(iii) Affordability of healthy food
There was a general perception among respondents that healthy foods were more expensive
than “ordinary foods”. While pregnant, the woman and her family were prepared to incur the
extra expense of adhering to dietary recommendations to safeguard the pregnancy, but once
the baby was born, it was understood that this extra cost could not be sustained. As most
women were unemployed and financially dependent on their partners, they had limited deci-
sion-making power in relation to household expenditure.
For me it’s expensive, because I don’t work. Before we had the baby, it was okay, because it
was just the two of us, but now we’ve got more expenses for everything. It’s either I get his
things or buy stuff for myself. I can’t do both of them
(Focus Group 4, Participant 14)
Gestational diabetes mellitus and lifestyle change
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Continuing with a healthy diet was also considered difficult post-partum because women
believed that it required eating separately from the rest of the family. This was a more expen-
sive way of eating, as well as being impractical when having to also cater for the rest of the
family.
When one goes shopping, you would normally buy what you need to make the normal pot of
food [for the entire family]. But now you have to cater for yourself and the things aren’t cheap
if you want to eat healthy and fresh. The sugary things are much cheaper than the healthier
things.
(Interview 1, Participant 5)
Social environment.
(iv) Prevalent social norms
A high carbohydrate diet, the consumption of sugary beverages and fatty meat were perceived
as part of a ‘normal’ diet and an aspect of cultural or community identity. As a result, dietary
change during pregnancy was a major adjustment for some women, as it required shifting
from the social norm.
I was used to my cool drinks and things, it’s the type of home that you come out of. I was used
to having cool drink or juice at supper and so it was a big lifestyle change that I had to do.
(Interview 1, Participant 5)
I would eat the food like any normal African eats. I would put a lot of sugar in my tea. Now
I’m eating more healthy food, when I make chicken, I remove the skin. I boil the chicken and
my milk is low fat. When I want to put sugar, I put very little brown sugar.
(Focus Group 2, Participant 8)
(v) Importance of social support
All women emphasized the importance of having a supportive social environment to make
lifestyle changes and indicated that support from partners, family, peers and health profession-
als was essential. Participants described how receiving encouragement and motivation from
their partners and family in particular, aided them in making the necessary changes. Some
family members changed their diet to support the expectant mother and others supported her
by ensuring that she adhered to a healthy diet.
Mymom was my best supporter. If I bought chicken with my veggies, she will eat with me.
(Focus Group 8, Participant 30)
My family was very supportive, and my husband was very strict. He’ll watch me at restaurants
and functions. They will always remind me.
(Focus Group 3, Participant 11)
Women also recalled sharing experiences and tips with other pregnant women during their
antenatal clinic visits or when hospitalized and how these relationships provided a sense of
mutual support. Some women also expressed sincere appreciation for the compassion and sup-
port they received from healthcare providers during their pregnancy. Such social support and
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feelings of connection positively impacted on their perceptions of the quality of care they
received and were clearly important in enabling them to adhere to treatment. For example:
The professor gave me inspiring encouragement; and I think that is what kept me going.
(Focus Group 2, Participant 6)
They have a Sister; we called her the ‘Breast Sister’. They would call her up just to help [with
breastfeeding] and she’s the loveliest person ever. She encouraged you and she would motivate
you.
(Focus Group 4, Participant 15)
This was not however the experience of all women: some recounted very negative experi-
ences with healthcare providers:
The sisters were very rude. We even had to remind them about getting our medication and
food. They don’t have patience for us. I was always arguing with them, because they’re not on
time to give you medication
(Focus Group 9, Participant 34)
The [nursing] staff are so stressed out there; they really don’t have the patience to deal with
the patients.
(Focus Group 6, Participant 19)
Motivation
Motivation refers to ‘all the brain processes that energize and direct behaviour, not just goals
and conscious decision-making’ [32]. This consists of reflective processes (i.e., conscious
intent, goal setting and planning) and automatic processes (i.e. habits, reflex behaviours,
impulses determined by external factors) involved in evaluating the potential consequences
and benefits of carrying out or achieving the desired behaviour [32].
Reflective motivation.
(i) Concern for the health of the baby
During pregnancy, concern for the health of the baby was reported as a strong motivating fac-
tor for adherence to prescribed medication. Although some participants reported anxiety and
side effects associated with metformin and insulin, these were outweighed by the perceived
benefits for their health and that of the unborn baby. Thus, they continued to take the medica-
tion for the sake of the baby;
I remember the first time I took Metformin, I started shivering. It was like a cold shiver that
I’d never experienced before. It was so bad, and I wanted to stop taking it, but I couldn’t
because of the baby, you know, I had to consider the baby.
(Focus Group 4, Participant 15)
So right through the pregnancy I was on Insulin and Metformin, and it’s not an easy thing for
us. It’s really not easy to inject yourself every time.
(Focus Group 8, Participant 29)
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For the majority of the women, adherence to treatment and the recommended lifestyle
change during pregnancy were non-negotiable and a necessary sacrifice, even if they did not
fully understand their condition.
You don’t know how this [GDM] is affecting your pregnancy and what it’s going to do to the
baby, you don’t know, you’re just going to do what you need to do for the safety of yourself
and your baby.
(Focus Group 4, Participant 14)
(ii) Fear of failure as a ‘good’ mother
One respondent expressed resentment towards some health care providers because of their
judgemental and blaming attitudes:
They make you feel like your body is failing. They say, ‘listen, you ate wrong and it’s your fault
if something happens to your baby.’
(Focus Group 1, Participant 2)
Women discussed the challenges of caring for a new baby and how these impacted their
sense of identity as mothers. One respondent described how struggling to breastfeed added to
her feelings of failure as a ‘good’ mother:
He couldn’t latch on and I felt so guilty. I waited till my husband went to bed every night and
then I’d cry when he was sleeping.
(Focus Group 4, Participant 16)
(iii) Prioritising own health after the pregnancy
Women described their intentions to focus on their own health after delivery and expressed
a desire to continue the healthy lifestyle habits they had developed during pregnancy in order
to reduce their risk of type 2 diabetes;
During pregnancy your focus is your baby because you want everything to be okay with baby.
So, after baby is born, you take more time also into your own life again, and then you realise,
okay, I have to focus on me now.
(Interview 1, Participant 5)
(iv) Desire to lose weight
Some women were unhappy with the fact that they had not returned to their pre-pregnancy
weight and expressed a strong desire to continue with physical activity and a healthy diet for
weight loss. Being overweight or obese was described as uncomfortable and an emotional
burden;
With weight also comes a lot of stress. I’m getting older and changing. I don’t do family func-
tions a lot anymore, because where am I going to get an outfit? I’m always tired, because I’m
overweight and I’m not enjoying myself the way I used to
(Focus Group 1, Participant 2)
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(v) Considering the next pregnancy
The desire for another baby motivated some women to continue with the lifestyle changes
after the GDM pregnancy. They were also more prepared and equipped with the knowledge
gained during pregnancy to sustain the behaviour changes postpartum.
I’m really more health wise, because it’s very important. I do want another baby. That’s why
I’m looking after myself. I go to gym every Thursday.
(Focus Group 2, Participant 6)
Automatic motivation.
(vi) Psychological vulnerability
Women’s feelings of motivation to make lifestyle changes were affected by their emotional
responses to the GDM diagnosis. Having GDM led to feelings of fear, worry, anxiety and stress
during pregnancy.
It was very traumatising, and I cried for several days. It was my first baby, and I waited so
long for this baby. I was scared
(Focus Group 8, Participant 30)
Some women continued to experience psychological distress even after delivery, which
affected their ability to cope with motherhood and continue lifestyle changes. When asked
about postpartum follow-up care and diabetes screening, one woman reported being unable to
attend the clinic for postpartum follow-up due to postpartum depression (PPD):
I was in post-natal depression. I just didn’t feel like me. My husband couldn’t understand why
I was so moody and edgy. I just couldn’t cope.
(Focus Group 5, Participant 15)
Table 2 provides a summary of facilitating factors identified for developing capability,
opportunity and motivation for lifestyle change during and after a GDM pregnancy.
Discussion
To our knowledge, this is the first qualitative study in sub-Saharan Africa to explore the lived
experiences of women with GDM as well as the feasibility of sustained lifestyle changes beyond
pregnancy. Several key factors that influence women’s ability to implement lifestyle change
were identified (Fig 1) and are discussed in relation to the COM-B model constructs and in
the context of existing literature. These findings will contribute to the development of an
appropriate and feasible behaviour change intervention for women with prior GDM to reduce
the risk of developing type 2 diabetes among this population.
Capability
A common finding was that lack of information from their health care providers impacted neg-
atively on women’s capability to respond adequately to the GDM diagnosis and affected their
adherence to treatment. Women with GDM in China [22] and Vietnam [39] also reported that
the health information they received from health care providers was unclear, lacking detail
and that they desired more information about GDM. Women’s poor knowledge of GDM is
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associated with poor understanding and therefore poor interpretation of health information
[25]. For example, some respondents interpreted the fact that GDM resolves after pregnancy to
mean that once the pregnancy was over, they could revert to their ‘normal’ unhealthy lifestyles.
Poverty, poor maternal education and low health literacy all contribute to women’s poor com-
prehension of health information on GDM management [40]. In order to improve women’s
psychological capability to respond to GDM, health services must prioritise the provision of
sufficiently detailed health information at diagnosis, a view supported by systematic review
findings on postpartum health care seeking behaviour among post-GDM women [26].
All women in this study were interested in understanding their GDM diagnosis and desired
an opportunity to engage with health care providers to improve their knowledge and develop
skills for self-management (e.g.; glucose monitoring and insulin administration) and behav-
iour change (e.g.; purchasing and preparing health meals). Given the very limited time avail-
able for counselling in our setting due to high patient numbers and resource limitations, GDM
women should be provided with additional, comprehensive and culturally appropriate educa-
tional resources, that take varying literacy levels into consideration [26, 41]. It is noteworthy
that the provision of such information alone would be insufficient to effect long term behav-
iour change [30] and is likely to be most helpful to women when delivered in the context of a
supportive, personal interaction, which allows them to engage personally with the information
and ask questions [7].
Opportunity
Our findings that women with GDM have to overcome several barriers to lifestyle change in
their physical and social environment are in agreement with studies with GDM women from
Table 2. Summary of facilitating factors for developing capability, opportunity and motivation for lifestyle change during and after a GDM pregnancy.
Capability Opportunity Motivation
Psychological capability
Knowledge and understanding of GDM
• Provision of counselling and
education on GDM by health care
providers
• Detailed educational materials
teaching skills for lifestyle change
• Ability to engage with health care
providers and ask questions
• Access to additional resources for
further information
• Experience of caring for a family
member or partner with diabetes
Physical capability
• Tolerating physical discomfort and
fatigue during pregnancy
Physical opportunity
• Access to affordable healthy food options
• Access to safe outdoor spaces for physical
activity within their community




• Expert advice, encouragement, compassion and
empathy from health care providers during
pregnancy
Family support
• Emotional and practical support from family
and friends in making lifestyle changes
• Support from family in caring for the baby
Autonomy
• Having negotiating power regarding family diet
Cultural influences
• Healthy food incorporated into individual and
group cultural identity
• Able to resist social pressure to eat unhealthy
food at family gatherings and other social events
• Supportive social norms regarding physical
activity
Reflective motivation
Concern for the health of unborn baby
• Fear of stillbirth, deformities
• Adherence to treatment despite side effects for the sake of the baby
• Fear of delivery by Caesarean section
• Fear of failure as a mother
Concern for own health
• Fear of developing type 2 diabetes post-partum
• Prioritising and valuing own health after pregnancy
• Desire for weight loss after pregnancy
• Intention to have another baby and fear of another GDM pregnancy
Automatic motivation
• Ability to exercise self-control and resist unhealthy food during
pregnancy
• Receiving support to address emotional responses to GDM diagnosis
and for mental health issues (e.g.; anxiety & stress during pregnancy;
postnatal depression)
https://doi.org/10.1371/journal.pone.0225431.t002
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high-income countries such as the United States and Ireland [12, 42, 43] and some LMICs
[44]. During the GDM pregnancy, the woman and her family direct all financial resources
towards her to ensure positive obstetric outcomes. However, financial responsibilities
increase once the baby is born and opportunities for lifestyle change (i.e. finances, personal
time) become more limited in the post-partum period with the added responsibilities of
child care [7].
Another important finding was that our respondents were generally unaware of the physi-
cal and mental health benefits of physical activity. This has previously been reported by preg-
nant women from similar communities of low socioeconomic status in Cape Town [45]. This
could be readily overcome by consistent counselling or messaging, but the barriers of a lack of
attractive, local open outdoor spaces and high levels of crime in in their communities require
different strategies. These include creating safer spaces within communities, introduction of
physical activity programs by the health services, partner, family and community involvement
and the use of media to raise awareness [46, 47]. The GDM pregnancy is also an opportune
time for women to establish physical activity routines that can realistically be sustained beyond
the pregnancy, for example; incorporating simple physical activity into their daily routine and
in the postpartum period, easing back into physical activity with safe and light exercises that
can be done while holding the baby.
The majority of women experienced strong social support from their families during preg-
nancy for dietary change. However, some women reported having some difficulty in persuad-
ing their partners and families to change the overall family diet. In SA, as in other patriarchal
societies, women have limited negotiating power to significantly change the family diet. Fur-
ther, the consumption of certain high caloric foods has become incorporated into group cul-
tural identity and dietary change despite its benefits, requires deviation from social norms.
The same social influence of family and friends on women’s diet has also been noted among
non-pregnant women with type 2 diabetes in Soweto, South Africa [48]. Health behaviour
change interventions should therefore target GDM women’s partners family members and
social networks [34].
Expert advice and psychological support from health care providers during pregnancy
were highlighted as critical. However, in the postpartum period, the absence of follow up left
women feeling abandoned. It was interesting to note that women in this study found emo-
tional release from sharing their experiences and valued the peer support derived from partici-
pating in the focus groups. The perceived withdrawal of support, which has also been found in
studies conducted in the UK [18, 19] and Australia [49], resulted in some women reverting
back to unhealthy lifestyle behaviours. Thus, ongoing support from health services during
pregnancy and thereafter, that may be complemented by peer support groups [50, 51] should
be considered.
Motivation
Women’s initial emotional reactions to the GDM diagnosis of fear, worry, anxiety and stress
[19, 51] illustrated their deep sense of responsibility for their baby. According to the literature,
concern for the baby is the strongest motivating factor for behaviour change during pregnancy
[18, 40] and in our study provided motivation to make major lifestyle adjustments at any cost,
including resisting cravings for unhealthy food and enduring the side effects of medication.
Some respondents described negative experiences with antidiabetic therapy in keeping with
previous reports that women with GDM find insulin use overwhelming and burdensome [16,
41, 51]. Yet in comparison to dietary modification, others prefer insulin use to manage GDM
[40].
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The psychological impact of the GDM diagnosis may be currently underestimated by
health services. As with some respondents in this study, GDM women in previous studies
have reported feeling unsupported by their health care providers to face the overwhelming
distress of the GDM pregnancy [22]. With a GDM pregnancy, women are often perceived as
baby machines [19] closely scrutinised by their partners and health care providers, which
adds to maternal anxiety. The diagnosis and experience of GDM in itself has been linked to
postpartum depression (PPD) [52], which affects women’s motivation to sustain lifestyle
changes. Although a GDM pregnancy can be considered a ‘prime teachable moment’ [34],
this needs to be tempered with ‘caring GDM care’, which Ge et al., have described as human-
istic care [22]. Findings from previous research suggest incorporating a clinically valid psy-
chological assessment into the care for women with GDM to assess the impact of GDM on
quality of life [53, 54]. In addition, increasing health care providers awareness of the emo-
tional impact of GDM supported by targeted psychological interventions and provision of
adequate information could help alleviate the anxiety and psychological distress associated
with GDM and thereby enhance women’s psychological motivation for behaviour change
[19].
In summary, women’s capability to make lifestyle changes was significantly impacted by
lack of knowledge and understanding of GDM. Health care providers should be trained in
patient-centred counselling methods (e.g., motivational interviewing) and provide women
with adequate health information and appropriate educational resources to facilitate their
developing practical strategies to achieve lifestyle changes. The limited resources in LMICs
make it particularly pertinent to tailor physical activity and dietary recommendations to wom-
en’s social and environmental context. It is clear that social support plays a critical role in facil-
itating lifestyle change as lack of support in the postpartum period resulted in disruption of
healthy behaviours made during pregnancy.
Strengths and limitations
Our study has several strengths. The descriptive qualitative approach allowed for detailed
insights into women’s subjective experience of GDM and their perceived capacity for behav-
iour change, while the COM-B model provided a validated theoretical framework on which to
map the facilitators for developing capability, opportunity and motivation for lifestyle change,
as a first step towards the development of an appropriate behaviour change intervention for
post-GDM women in this setting. The COM-B model may also be utilised by health care pro-
viders and those involved in health policy planning [30, 33, 34].
We acknowledge some limitations of this study. Generalisability of the findings is limited
due to the qualitative study design. Our sample consisted of women who received antenatal
care at a single tertiary hospital in the Western Cape, were reachable and agreed to participate.
However, the study site is one of two large tertiary hospitals that receive specialist referrals for
GDM from primary care clinics and district hospitals across the Western Cape province. Both
hospitals adhere to provincial and national guidelines for the management of GDM. The intent
of the study was not generalizability of findings but rather to explore women’s perceived
capacity for behaviour change within their context. Our study sample is representative, in
terms of socioeconomic status, ethnicity and age, of women in this low-income urban setting.
Lastly, the participants were at least one year postpartum, which may have introduced recall
bias. On the other hand, it gave women sufficient time to reflect on their experiences of the
GDM pregnancy. Despite these limitations, our findings are consistent with evidence in the lit-
erature and may be applicable in other low-income urban areas.
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Conclusions
Using a combined descriptive qualitative and theoretical framework (i.e.; COM-B) approach,
this study elicited important insights into the lived experiences of women with GDM and the
feasibility of lifestyle change in a low-income setting. The findings highlight barriers to capa-
bility, opportunity and motivation for lifestyle change. Consistent counselling and provision of
appropriate educational resources are necessary to overcome these barriers. In order to achieve
long-term lifestyle change, continued support from the health services, partners, family mem-





The authors would like to acknowledge the contributions of all participants, the diabetes nurse
educator—Sister Buyelwa Majikela-Dlangamandla (BMD) who co-facilitated the focus groups
in isiXhosa, Michaela Fortuin for research assistance, Margie de Wet for assisting with data
transcription and Riham Khalil for her contribution to data analysis.
Author Contributions
Conceptualization: Lorrein Shamiso Muhwava, Katherine Murphy, Christina Zarowsky,
Naomi Levitt.
Formal analysis: Lorrein Shamiso Muhwava, Katherine Murphy.
Funding acquisition: Lorrein Shamiso Muhwava, Christina Zarowsky.
Investigation: Lorrein Shamiso Muhwava, Katherine Murphy.
Methodology: Lorrein Shamiso Muhwava, Christina Zarowsky, Naomi Levitt.
Supervision: Katherine Murphy, Christina Zarowsky, Naomi Levitt.
Writing – original draft: Lorrein Shamiso Muhwava.
Writing – review & editing: Lorrein Shamiso Muhwava, Katherine Murphy, Christina Zar-
owsky, Naomi Levitt.
References
1. Lachat C, Otchere S, Roberfroid D, Abdulai A, Seret FM, Milesevic J, et al. Diet and physical activity for
the prevention of noncommunicable diseases in low- and middle-income countries: a systematic policy
review. PLoS Med. 2013; 10(6):e1001465. https://doi.org/10.1371/journal.pmed.1001465 PMID:
23776415
2. Statistics South Africa. Mortality and causes of death in South Africa, 2016: Findings from death notifi-
cation. Pretoria: Statistics South Africa 2017.
3. Peer N, Kengne AP, Motala AA, Mbanya JC. Diabetes in the Africa Region: an update. Diabetes Res
Clin Pract. 2014; 103(2):197–205. https://doi.org/10.1016/j.diabres.2013.11.006 PMID: 24315460
4. Macaulay S, Ngobeni M, Dunger DB, Norris SA. The prevalence of gestational diabetes mellitus
amongst black South African women is a public health concern. Diabetes Res Clin Pract. 2018;
139:278–287. https://doi.org/10.1016/j.diabres.2018.03.012 PMID: 29526682
5. Martin B, Sacks DA. The global burden of hyperglycemia in pregnancy–Trends from studies in the last
decade. Diabetes Res Clin Pract. 2018.
Gestational diabetes mellitus and lifestyle change
PLOS ONE | https://doi.org/10.1371/journal.pone.0225431 November 25, 2019 18 / 21
6. Zhu Y, Zhang C. Prevalence of Gestational Diabetes and Risk of Progression to Type 2 Diabetes: a
Global Perspective. Curr Diab Rep. 2016; 16(1):7. https://doi.org/10.1007/s11892-015-0699-x PMID:
26742932
7. Stage E, Ronneby H, Damm P. Lifestyle change after gestational diabetes. Diabetes Res Clin Pract.
2004; 63(1):67–72. https://doi.org/10.1016/j.diabres.2003.08.009 PMID: 14693414
8. Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes mellitus after gestational diabetes: a
systematic review and meta-analysis. Lancet. 2009; 373(9677):1773–1779. https://doi.org/10.1016/
S0140-6736(09)60731-5 PMID: 19465232
9. Song C, Lyu Y, Li C, Liu P, Li J, Ma RC,et al. Long-term risk of diabetes in women at varying durations
after gestational diabetes: a systematic review and meta-analysis with more than 2 million women.
Obes Rev. 2018; 19(3):421–429. https://doi.org/10.1111/obr.12645 PMID: 29266655
10. Alouki K, Delisle H, Bermudez-Tamayo C, Johri M. Lifestyle Interventions to Prevent Type 2 Diabetes:
A Systematic Review of Economic Evaluation Studies. J Diabetes Res. 2016; 1–14. https://doi.org/10.
1155/2016/2159890 PMID: 26885527
11. Dunkley AJ, Bodicoat D. H., Greaves C. J., Russell C., Yates T., Davies M. J., et al. Diabetes Prevention
in the Real World: Effectiveness of Pragmatic Lifestyle Interventions for the Prevention of Type 2 Diabe-
tes and of the Impact of Adherence to Guideline Recommendations. Diabetes Care. 2014; 37:922–933.
12. Ferrara A, Hedderson MM, Albright CL, Ehrlich SF, Quesenberry CP Jr., Peng T, et al. A pregnancy
and postpartum lifestyle intervention in women with gestational diabetes mellitus reduces diabetes risk
factors: a feasibility randomized control trial. Diabetes Care. 2011; 34(7):1519–1525. https://doi.org/10.
2337/dc10-2221 PMID: 21540430
13. Gilinsky AS, Kirk AF, Hughes AR, Lindsay RS. Lifestyle interventions for type 2 diabetes prevention in
women with prior gestational diabetes: A systematic review and meta-analysis of behavioural, anthro-
pometric and metabolic outcomes. Prev Med Rep. 2015; 2:448–461. https://doi.org/10.1016/j.pmedr.
2015.05.009 PMID: 26844102
14. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, Ilanne-Parikka P, et al. Prevention
of type 2 diabetes mellitus by changes in lifestyle among subjects with impaired glucose tolerance.
N Engl J Med. 2001; 344(18):1343–1350. https://doi.org/10.1056/NEJM200105033441801 PMID:
11333990
15. Morrison MK, Lowe JM, Collins CE. Perceived risk of Type 2 diabetes in Australian women with a recent
history of gestational diabetes mellitus. Diabet Med. 2010; 27(8):882–886. https://doi.org/10.1111/j.
1464-5491.2010.03032.x PMID: 20653745
16. Gray M H C; Kiel L; Dublin S. "It’s a Very Big Burden on Me": Women’s Experiences Using Insulin for
Gestational Diabetes. Matern Child Health J. 2017; 21(8):1678–1685. https://doi.org/10.1007/s10995-
017-2261-8 PMID: 28092062
17. Draffin CR, Alderdice FA, McCance DR, Maresh M, Harper R, McSorley O, et al. Exploring the needs,
concerns and knowledge of women diagnosed with gestational diabetes: A qualitative study. Midwifery.
2016 Sep 1; 40:141–7. https://doi.org/10.1016/j.midw.2016.06.019 PMID: 27553869
18. Lie ML, Hayes L, Lewis-Barned NJ, May C, White M, Bell R. Preventing type 2 diabetes after gestational
diabetes: women’s experiences and implications for diabetes prevention interventions. Diabet Med.
2013; 30(8):986–993. https://doi.org/10.1111/dme.12206 PMID: 23534548
19. Parsons J, Sparrow K, Ismail K, Hunt K, Rogers H, Forbes A. Experiences of gestational diabetes and
gestational diabetes care: a focus group and interview study. BMC Pregnancy Childbirth. 2018; 18
(1):25. https://doi.org/10.1186/s12884-018-1657-9 PMID: 29325518
20. Siad FM, Fang XY, Santana MJ, Butalia S, Hebert MA, Rabi DM. Understanding the Experiences of
East African Immigrant Women with Gestational Diabetes Mellitus. Can J Diabetes. 2018.
21. Hjelm K, Bard K, Apelqvist J. A qualitative study of developing beliefs about health, illness and health-
care in migrant African women with gestational diabetes living in Sweden. BMC Women’s Health. 2018;
18(1).
22. Ge L, Wikby K, Rask M. Lived experience of women with gestational diabetes mellitus living in China: a
qualitative interview study. BMJ Open. 2017; 7(11):e017648. https://doi.org/10.1136/bmjopen-2017-
017648 PMID: 29187411
23. Youngwanichsetha S, Phumdoung S. Lived experience of blood glucose self-monitoring among preg-
nant women with gestational diabetes mellitus: a phenomenological research. J Clin Nurs. 2017; 26
(19–20):2915–2921. https://doi.org/10.1111/jocn.13571 PMID: 27603420
24. Bhurosy T, Jeewon R. Overweight and Obesity Epidemic in Developing Countries: A Problem with Diet,
Physical Activity, or Socioeconomic Status? Sci. World J. 2014; 2014:1–7.
25. Kaiser B, Razurel C, Jeannot E. Impact of health beliefs, social support and self-efficacy on physical
activity and dietary habits during the post-partum period after gestational diabetes mellitus: study
Gestational diabetes mellitus and lifestyle change
PLOS ONE | https://doi.org/10.1371/journal.pone.0225431 November 25, 2019 19 / 21
protocol. BMC Pregnancy Childbirth. 2013; 13:133. https://doi.org/10.1186/1471-2393-13-133 PMID:
23800121
26. Van Ryswyk E, Middleton P, Shute E, Hague W, Crowther C. Women’s views and knowledge regarding
healthcare seeking for gestational diabetes in the postpartum period: A systematic review of qualitative/
survey studies. Diabetes Res Clin Pract. 2015; 110(2):109–122. https://doi.org/10.1016/j.diabres.2015.
09.010 PMID: 26421361
27. Bennett WL, Ennen CS, Carrese JA, Hill-Briggs F, Levine DM, Nicholson WK, et al. Barriers to and
Facilitators of Postpartum Follow-Up Care in Women with Recent Gestational Diabetes Mellitus: A
Qualitative Study. J. Womens Health. 2011; 20(2):239–245.
28. Keely E, Clark H, Karovitch A, Graham I. Screening for type 2 diabetes following gestational diabetes:
family physician and patient perspectives. Can Fam Physician. 2010; 56(6):558–563. PMID: 20547525
29. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, Medical Research Council G. Devel-
oping and evaluating complex interventions: the new Medical Research Council guidance. BMJ. 2008;
337:a1655. https://doi.org/10.1136/bmj.a1655 PMID: 18824488
30. Jackson C, Eliasson L, Barber N, Weinman J. Applying COM-B to medication adherence: a suggested
framework for research and interventions. European Health Psychologist. 2014;1; 16(1):7–17.
31. Muhwava LS, Murphy K, Zarowsky C, Levitt N. Policies and clinical practices relating to the manage-
ment of gestational diabetes mellitus in the public health sector, South Africa–a qualitative study. BMC
Health Serv Res. 2018; 18(1).
32. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and
designing behaviour change interventions. Implement Sci. 2011; 6:42. https://doi.org/10.1186/1748-
5908-6-42 PMID: 21513547
33. Barker F, Atkins L, de Lusignan S. Applying the COM-B behaviour model and behaviour change wheel
to develop an intervention to improve hearing-aid use in adult auditory rehabilitation. Int J Audiol. 2016;
55 Suppl 3:S90–98.
34. Olander EK, Darwin ZJ, Atkinson L, Smith DM, Gardner B. Beyond the ‘teachable moment’—A concep-
tual analysis of women’s perinatal behaviour change. Women Birth. 2016; 29(3):e67–71. https://doi.org/
10.1016/j.wombi.2015.11.005 PMID: 26626592
35. Handley MA, Harleman E, Gonzalez-Mendez E, Stotland NE, Althavale P, Fisher L, et al. Applying the
COM-B model to creation of an IT-enabled health coaching and resource linkage program for low-
income Latina moms with recent gestational diabetes: the STAR MAMA program. Implement Sci. 2016;
11(1).
36. Elo S, Kyngas H. The qualitative content analysis process. J Adv Nurs. 2008; 62(1):107–115. https://
doi.org/10.1111/j.1365-2648.2007.04569.x PMID: 18352969
37. Howlett N, Schulz J, Trivedi D, Troop N, Chater A. A prospective study exploring the construct and pre-
dictive validity of the COM-B model for physical activity. J Health Psychol. 2017; 1359105317739098.
38. Michie S, Atkins L, West R. The behavior change wheel: a guide to designing interventions. Great Brit-
ain: Silverback Publishing 2014.
39. Hirst JE, Tran TS, Do MA, Rowena F, Morris JM, Jeffery HE. Women with gestational diabetes in Viet-
nam: a qualitative study to determine attitudes and health behaviours. BMC pregnancy and childbirth.
2012 Dec; 12(1):81.
40. Carolan M, Gill GK, Steele C. Women’s experiences of factors that facilitate or inhibit gestational diabe-
tes self-management. BMC Pregnancy and Childbirth. 2012; 12.
41. Mukona D, Munjanja SP, Zvinavashe M, Stray-Pederson B. Barriers of adherence and possible
Solutions to nonadherence to antidiabetic therapy in women with diabetes in pregnancy: Patients’
Perspective. J Diabetes Res. 2017; 2017:3578075. https://doi.org/10.1155/2017/3578075 PMID:
28828389
42. Tierney M, O’Dea A, Danyliv A, Noctor E, McGuire B, Glynn L, et al. Factors influencing lifestyle behav-
iours during and after a gestational diabetes mellitus pregnancy. Health Psychol Behav Med. 2015; 3
(1):204–216.
43. Collier SA, Mulholland C, Williams J, Mersereau P, Turay K, Prue C. A qualitative study of perceived
barriers to management of diabetes among women with a history of diabetes during pregnancy. J Wom-
ens Health (Larchmt). 2011; 20(9):1333–1339.
44. Nielsen KK, de Courten M, Kapur A. Health system and societal barriers for gestational diabetes melli-
tus (GDM) services—lessons from World Diabetes Foundation supported GDM projects. BMC Int
Health Hum Rights. 2012; 12:33. https://doi.org/10.1186/1472-698X-12-33 PMID: 23217159
45. Muzigaba M, Kolbe-Alexander TL, Wong F. The perceived role and influencers of physical activity
among pregnant women from low socioeconomic status communities in South Africa. J Phys Act
Health. 2014; 11(7):1276–1283. https://doi.org/10.1123/jpah.2012-0386 PMID: 24184664
Gestational diabetes mellitus and lifestyle change
PLOS ONE | https://doi.org/10.1371/journal.pone.0225431 November 25, 2019 20 / 21
46. Weir Z, Bush J, Robson SC, McParlin C, Rankin J, Bell R. Physical activity in pregnancy: a qualitative
study of the beliefs of overweight and obese pregnant women. BMC Pregnancy Childbirth. 2010; 10:18.
https://doi.org/10.1186/1471-2393-10-18 PMID: 20426815
47. Pierce M, Modder J, Mortagy I, Springett A, Hughes H, Baldeweg S. Missed opportunities for diabetes
prevention: post-pregnancy follow-up of women with gestational diabetes mellitus in England. Br J Gen
Pract. 2011; 61(591):e611–619. https://doi.org/10.3399/bjgp11X601316 PMID: 22152832
48. Mendenhall E, Norris SA. Diabetes care among urban women in Soweto, South Africa: a qualitative
study. BMC Public Health. 2015; 15(1).
49. Morrison MK, Lowe JM, Collins CE. Australian women’s experiences of living with gestational diabetes.
Women Birth. 2014; 27(1):52–57. https://doi.org/10.1016/j.wombi.2013.10.001 PMID: 24183603
50. Eades CE, France EF, Evans JMM. Postnatal experiences, knowledge and perceptions of women with
gestational diabetes. Diabet Med. 2018; 35(4):519–529. https://doi.org/10.1111/dme.13580 PMID:
29338094
51. Martis R, Brown J, McAra-Couper J, Crowther CA. Enablers and barriers for women with gestational
diabetes mellitus to achieve optimal glycaemic control—a qualitative study using the theoretical
domains framework. BMC Pregnancy Childbirth. 2018; 18(1):91. https://doi.org/10.1186/s12884-018-
1710-8 PMID: 29642898
52. Barakat S, Martinez D, Thomas M, Handley M. What do we know about gestational diabetes mellitus
and risk for postpartum depression among ethnically diverse low-income women in the USA? Arch
Womens Ment Health. 2014; 17(6):587–592. https://doi.org/10.1007/s00737-014-0460-5 PMID:
25298252
53. Marchetti D, Carrozzino D, Fraticelli F, Fulcheri M, Vitacolonna E. Quality of Life in Women with Gesta-
tional Diabetes Mellitus: A Systematic Review. J Diabetes Res. 2017; 2017:7058082. https://doi.org/10.
1155/2017/7058082 PMID: 28326332
54. Egan AM, Dunne FP, Lydon K, Conneely S, Sarma K, McGuire BE. Diabetes in pregnancy: worse med-
ical outcomes in type 1 diabetes but worse psychological outcomes in gestational diabetes. QJM. 2017;
110(11):721–727. https://doi.org/10.1093/qjmed/hcx106 PMID: 29024981
Gestational diabetes mellitus and lifestyle change
PLOS ONE | https://doi.org/10.1371/journal.pone.0225431 November 25, 2019 21 / 21
